Benzoic and sorbic acid contents of 14 packaged commercial labaneh (concentrated set yogurt) samples were determined by HPLC method using a reverse phase C-18 column and a mobile phase of 90 : 10, phosphate buffer : methanol. There was a linear relationship between peak area versus benzoic and sorbic acids concentrations between 32 and 300 mg/l. Recoveries of benzoic acid added at 31)8 and 63)6 mg/100 g to commercial packaged labaneh, averaged 90)3 and 90)6% with coefficient of variability (cv.) of 0)5 and 0)2, respectively. Recoveries of sorbic acid added at 28)0 and 56)0 mg/100 g labaneh, averaged 101)1 and 97)4% with cv. of 0)5 and 0)8, respectively.
INTRODUCTION
Labaneh is the semisolid dairy product made from set yogurt by removing a part of its whey. The total solids and fat contents of labaneh produced by the traditional method, straining of set yogurt in cloth bags, were found to be 23-25% and 8-11%, respectively (Tamime and Robinson, 1978) , while the acidity was 1)4-2)8%, and the pH ranged between 3)6 and 4)0 (Yamani and Abu-Jaber, 1994 ).
Benzoic and sorbic acids and their salts are permitted food preservatives in many types of foods (Pollard, 1991) . According to the U.S. Food and Drug Administration (FDA) these acids and their potassium and sodium salts are GRAS (Boer and Nielsen, 1995) . Therefore, it is necessary to assess their levels in foods and to ensure that they are within the permitted limits. To achieve such purpose, several methods have been established. Several AOAC methods were described for the determination of benzoic and sorbic acids in foods. These methods were either titrametric, spectrophotometric, TLC or GLC methods. They were described by several authors as requiring extensive sample preparation and relatively long analysis time (AOAC, 1990) . Lau and Luk (1982) described an iodometric method for determination of sorbic acid in soft drinks. The recovery value was 95-104% with a relative standard deviation of 2)9%. Spectrophotometric methods were also used for the determination of benzoic and sorbic acids. Although the recoveries of both acids were more than 92%, the method was described as elaborate and time consuming (Barbosa, 1982; Gutfinger et al., 1976) .
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Determination of benzoic and sorbic acids in foods using high performance liquid chromatography (HPLC) system has been carried out by many researchers (Archer, 1980; Arimoto et al., 1983; Ito et al., 1983; Stijve and Hischenhuber, 1984; AOAC, 1990; Kuppers, 1988) . Arimoto et al. (1983) used the Standard International Dairy Federation HPLC method for determination of benzoic and sorbic acids in yogurt. It was based on precipitation of fat and proteins, dilution by methanol, filtration and injection to HPLC, using C-18 column type. Recoveries of benzoic and sorbic acids were 91)2 and 91)3% with 2)04 and 1)37% coefficient of variability (cv.), respectively.
Psychrotrophic yeasts were found to be the main cause of spoilage of packaged labaneh kept under refrigeration (Yamani and Abu-Jaber, 1994) . To control the growth of the yeasts, some local labaneh producers have been using benzoic and sorbic acids with no guidelines to regulate their use. This study was undertaken to detect the presence and determine the levels of benzoic and sorbic acids in commercial packaged labaneh using the standard IDF HPLC method (IDF, 1987) .
MATERIALS AND METHODS

Sampling
Commercial packaged labaneh samples were purchased from 14 different local producers in Amman, Jordan. All labaneh samples were produced from cow milk and packaged in a press-to-close plastic containers (500 g). Each sample was represented by two containers of the same production date, and they were examined within 24 h of the production date. The samples were collected between June and August 1995.
Sample Preparation
The labaneh in each container was well mixed and a 20 g analytical sample was taken from each for the detection and determination the concentrations of benzoic and sorbic acids. The analytical samples were prepared for analysis according to the International Dairy Federation (IDF) standard method for determination of benzoic and sorbic acids in milk, dried milk, yogurt and fermented dairy products (IDF, 1987) .
Twenty-five millilitres of sodium hydroxide solution (0)1 M) were added to the labaneh analytical sample in a 100 ml volumetric flask, mixed well and placed in a water bath at 70°C for 30 min. When cooled, the pH was adjusted to 8 by 1 N sulphuric acid. The fat and protein were precipitated by adding 2 ml each of potassium hexacyanoferrate trihydrate (Merck, 10)6%, w/v) and zinc acetate solutions. The zinc acetate solution was prepared by dissolving 21)9 g zinc acetate (Riedel-de Haen) and 3)2 ml glacial acetic acid (Merck) in distilled water and diluted to 100 ml. After the precipitation, the mixture was shaken and allowed to stand for 15 min, after which 40 ml HPLC grade methanol (Lab-Scan) was added and mixed. The mixture was then allowed to cool at room temperature and made up to 100 ml with methanol, and left to stand for 15 min, filtered through Whatman paper No. 1 and through a 0)45 m membrane filter (Gelman).
Operation Conditions
The liquid chromatography technique was used to determine benzoic and sorbic acids concentrations in labaneh following the procedures described by the IDF 54 standard method (IDF, 1987) . Labaneh filtrate was injected into a HPLC system consisting of a CM4000 multiple solvent delivery unit and SM400 programmable wave variable length detector (Milton Roy, LDC Division). A chromatopac C-R6A integrator (Shimadzu Corp., Japan) was attached to the system. The detector was set at 227 nm Benzoic and sorbic acids were separated using a Beckman Ultrasphere ODS C-18 column (150 mm;4)6 mm) with a 5 m particle diameter. The mobile phase was 90 : 10, phosphate buffer : methanol (Labscan, HPLC grade), prepared as described in the IDF standard method. The analysis was performed at room temperature using a flow rate of 1)2 ml/min.
Preparation of the Standard Curve
Quantification was based on the external standard method and the concentrations of the mixed standard solutions were 32, 100, 200 and 300 mg/l of both benzoic (Riedelde Haen, Germany) and sorbic (Merck, Darmstadt, Germany) acids at each concentration level in the mobile phase. The standard solutions were prepared from 500 mg/l stock solution. The resulted peak areas were determined for duplicate 20 l injections. The best fit standard curve for each acid was prepared by linear regression of peak area versus concentration. The limit of detection, slope, y-intercept, correlation coefficient (r-value) and R were determined. The peaks were identified based on the retention time.
Recovery Study
The recovery of benzoic and sorbic acids added to labaneh samples free of the two preservatives was carried out as described by Kuppers (1988) . Two samples of labaneh were analyzed before and after the addition of 31)8 and 63)6 mg benzoic acid and 28)0 and 56)0 mg sorbic acid to 100 g sample portion.
Determination of Sorbic and Benzoic Acids in¸abaneh Samples
Twenty microlitres of the prepared labaneh samples were injected into the HPLC system. A complete duplicate analysis was performed on all samples, and the resulting peak areas (PA) were used to determine the preservative concentrations according to the following equation:
Concentration of acid (mg/kg)" PA of sample;100;A PA of standard;B
where A is the concentration of the standard (mg/l), B the weight of the sample (g) and 100 the volume of the diluted sample (ml). The concentrations of acids in the samples were then corrected to the recovery value by multiplying them with 100 over the percentage of recovery.
Statistical Analysis
Data were analyzed using SAS computing system (SAS, 1982) . The mean value, standard deviation and coefficient of variability of acid concentrations for duplicate analysis were determined.
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RESULTS
Standard Chromatogram
The approximate retention times for benzoic and sorbic acids were 2)8 and 3)7 min, respectively. The standard aqueous chromatogram containing both acids, at a level of 100 mg/l each, in the mobile phase is shown in Fig. 1 . The first peak represents benzoic acid and the second represents sorbic acid.
Standard Curve
The values of limit of detection, slope, y-intercept, correlation coefficient (r-value) and R are shown in Table 1 . The correlation coefficient values were 0)999 and 0)996 for benzoic and sorbic acids, respectively, indicating a linear response of both acids to acid concentrations versus peak area over the range of concentrations tested.
Recovery Study
The recovery data for both benzoic and sorbic acids added to the labaneh are presented in Table 2 . A trace amount of benzoic acid, 2)6 mg/100 g, was found in the control (preservative free) labaneh. The percentage recovery value of benezoic acid was about 90, whereas higher values (96)8-101)4%) were obtained for sorbic acid. The added quantity of benzoic acid had no effect on the percentage recovery, while a slight effect could be observed in case of sorbic acid. The coefficient of variability of duplicate analysis at the two levels of benzoic and sorbic acids was relatively low ( Table 2) . Table 3 shows concentrations (mg/kg) of benzoic and sorbic acids in the commercial labaneh samples, whereas the frequency distribution of the samples are shown in Fig. 2 . Eight samples contained benzoic acid in the range of 0)0-199 mg/kg. Six of these contained benzoic acid at a level less than 33 mg/kg, which were not significantly (p(0)05) different from each other. The other six samples contained benzoic acid at levels between 200 and 2000 mg/kg. The control (preservative free) labaneh sample, prepared at our laboratory, contained 25 mg/kg benzoic acid. This level is not significantly different (p(0)05) from those in the six samples, containing lower levels of benzoic acid ((33 mg/kg).
evels of Benzoic and Sorbic Acids in Commercial¸abaneh Samples
Sorbic acid was detected in seven labaneh samples at levels ranging between 87 and 900 mg/kg (Table 3) . It is worth noting that there were significant ( p(0)05) differences among all sorbic acids levels. Only three samples of labaneh contained high levels of both benzoic and sorbic acids. The calculated coefficient of variability values did not exceed 6)6 for all the samples tested for either preservatives.
DISCUSSION
Benzoic and Sorbic Acids in Commercial¸abaneh
The benzoic acid recovery value in this study may be compared with that obtained by Armoto et al. (1983) in yogurt when using the same IDF standard method we used, whereas a lower recovery value of sorbic acid was obtained. Labaneh produced in Jordan by the traditional method, straining set yogurt in cloth bags, was found to contain a high yeast load; directly after packaging the mean psychrotrophic and mesophilic yeast counts in labaneh samples from 18 dairy plants were 2)6;10 and 4)4;10 cfu/g, respectively (Yamani and Abu-Jaber, 1994) . So, the growth of yeasts in labaneh under the prevailing processing conditions cannot be prevented. This may explain the addition of sorbic and/or benzoic acids by the packaged labaneh producers, to reduce the amount of rejects after distribution of the product. It draws attention, that most of the producers were using the antimycotic agents at high concentrations (up to 2000 mg/kg benzoic and '1000 mg/kg sorbic acids), and that some of the producers were using high concentrations of both of the antimycotic agents at the same time (Fig. 2) . Mihyar et al. (1997) studied the resistance of 10 yeast flora of labaneh to potassium sorbate and sodium benzoate in preservative-free and yeast-free labaneh. Potassium sorbate was found to have more inhibitory effect than sodium benzoate. A low concentration of potassium sorbate ( (150 mg/kg) was needed to keep labaneh with relatively low initial yeast count ( (10 cfu/g) stable under refrigerated storage for one week, whereas a higher level ( (250 mg/kg) of sodium benzoate was needed. After two weeks, 200 mg/kg and '400 mg/kg of potassium sorbate and sodium benzoate, respectively, were needed to keep labaneh stable during refrigerated storage. These levels are significantly less than the concentration found in the samples. Benzoic 1a 2)6 31)8 3 4 )4 3 1 )1 9 0 )4 31)2 0 )14 0)5 1b 2)6 3 1 )8 3 4 )4 3 1 )3 9 0 )1 2a 2)6 6 3 )6 6 6 )2 6 0 )1 9 0 )7 60)0 0 )14 0)2 2b 2)6 6 3 )6 6 6 )2 5 9 )9 9 0 )5 Indigenous benzoic acid. Mean value of duplicate analysis ( )$standard deviation. Not detected.
It seems that the use of sorbate and benzoate in labaneh is justified under the prevailing methods of production. But the current Jordanian Standard for labaneh (Jordanian Standard: 108/1987 has no reference to the use of mycostatic agents. So it could be recommended to revise the standard for labaneh allowing for the use of sorbate and benzoate in the concentrations found suitable by Mihyar et al. (1997) . 
BENZOIC AND SORBIC ACIDS IN LABANEH
The acceptable daily intake (ADI) of benzoates and sorbates, as the sum of benzoic or sorbic acids and their calcium, potassium and sodium salts, expressed as benzoic or sorbic acid, are 0-5 and 0-25 mg/kg body weight, respectively (Pollard, 1991; Kabara and Eklund, 1991) . In Jordan the use of benzoate and/or sorbate is permitted in some popular foods, like pickles, soft drinks, jams and jelly, fruit squashes and concentrated juice. As a result, the consumer could be exposed to relatively high concentrations of these preservatives.
The low levels of benzoic acid ((60 mg/kg) that were found in some samples and in the control sample (Fig. 2) are probably the indigenous benzoic acid of labaneh. A number of studies have shown that milk (Jenness, 1988) and some fermented dairy products as yogurt and quarg (Obentraut et al., 1983) , yogurt strater culture (Barbosa, 1982) , cottage cheese (Binder, 1979) and lactic casein cured (Richardson and Gray, 1981) might contain indigenous benzoic acid. Such low levels of benzoic acid in milk and fermented dairy products result from the action of lactic acid bacteria on the hippuric acid of the milk during the fermentation (Richardson and Gray, 1981) . Unlike benzoic acid, sorbic acid is not naturally found in milk and fermented dairy products (Richardson and Gray, 1981) .
CONCLUSIONS
The extremely variable levels of addition of benzoic and sorbic acids by the packaged labaneh producers indicates an application without knowing the right optimum levels. Most of the producers were using high concentrations of any of the two preservatives and some of them were using high concentration of both (approx. 500 mg/kg of each), so as to reduce the amount of rejects after distribution of the product. The low levels of benzoic acid that were found in preservative-free labaneh and which were expected to be indigenous of labaneh, resulted from the action of starter culture on hippuric acid in milk during fermentation. The use of sorbate and benzoate should be regulated and used only as a means to control yeast at concentrations not exceeding the actual need.
